Objective: Overweight and obesity have increased to epidemic proportions among adolescents and are associated with chronic non-communicable diseases and excess mortality in adulthood. The association of overweight/obesity with poor dietary habits has not been studied in adolescents in middle-income developing countries. The present study aimed to estimate the prevalence of overweight, obesity and high waist circumference (WC) in 15-19-year-old Jamaican adolescents and to investigate the association with fast-food and sweetened beverage consumption. Design: The study enrolled 1317 (598 male, 719 female) adolescents aged 15-19 years using multistage, nationally representative sampling. Age-specific prevalence calculation used internal Z-score lines connecting with the WHO adult cut-off points. Logistic regression was used to examine the association of overweight or high WC with fast-food and sweetened beverage consumption, adjusting for potential confounders. Results: The overall prevalence of overweight, obesity and high WC was approximately 15 %, 6 % and 10 %, respectively. Prevalence estimated using internal Z-scores was similar to that using the International Obesity Taskforce cut-off points. Obesity (8?0 % in females, 3?3 % in males) and high WC (16?2 % in females, 1?7 % in males) were significantly more prevalent in females when using internal Z-score cut-offs. High WC was associated with the absence of fruit consumption (P 5 0?043) and overweight with high sweetened beverage consumption (P 5 0?018). Conclusion: Overweight occurs frequently among Jamaican 15-19-year-olds and is associated with increased consumption of sweetened beverages. High WC is more prevalent among females and is related to low consumption of fruits and vegetables. Measures to reduce the consumption of sweetened beverages and increase fruit intake may reduce the prevalence of excess body fat among adolescents.
Overweight and obesity have increased to epidemic proportions globally (1) (2) (3) (4) (5) (6) and are associated with higher prevalence of chronic non-communicable diseases and excess mortality (7) (8) (9) (10) (11) (12) (13) . Among Jamaican adults, the prevalence of overweight and obesity increased from 26?5 % in 1995 (14) to 36?8 % in 2000 (15) . This is consistent with the ongoing epidemiological transition in middle-income countries. Major contributors to this phenomenon include decreased physical activity, sedentary behaviours, poor dietary patterns and increased food security (13, 16) . It has been reported that the prevalence of overweight/obesity is 19?3 % among Jamaican schoolchildren aged 11-12 years (17) . Another study estimated the crude prevalence of obesity among 15-19-year-old Jamaicans to be 4 % in 2000 (18) . The eating habits of youths have changed significantly over the past decades (19, 20) , with increases in the consumption of fast foods, sweetened beverages and pastries and lower intakes of fruits and vegetables (21) (22) (23) (24) . Diet quality has diminished with fast-food consumption (25) . In some countries, the fast-food restaurant -rather than the home -has become the most common place for meal consumption for reasons of convenience, cost and availability (19, 23) . Physical activity levels have decreased (23) and sedentary behaviours such as television viewing and playing video/computer games (20, 26) have increased. Some epidemiological studies have shown an effect of sweetened beverages or fast-food consumption on BMI and waist circumference (WC) (26) (27) (28) . Some adolescent *Corresponding author: Email jvdbroeck1959@gmail.com r The Authors 2009 surveys have found a significant positive relationship between soft drink consumption and overweight (boys only) and obesity (23, 29) , whereas others have not (19) (20) (21) (22) . The Westernized type of diet has become increasingly common among adolescents in developing countries and may be implicated in the emerging regional obesity epidemic. The association between overweight/obesity and poor dietary habits has not been studied in adolescents in middle-income developing countries.
More research is needed on the dietary factors contributing to the growing rate of adolescent overweight and obesity in Jamaica and the Caribbean. The age group 10-24 years, representing about 30 % of the Jamaican population (30) , has traditionally been the healthiest and least demanding on the health-care system. However, at the present time there is clearly a need for health services to adapt to the increased demands from health-care problems among youths. Obesity in adolescence tracks into adulthood (2, 31) and is associated with increased incidence of type 2 diabetes mellitus in youth (10, 26, 32) . It is important to document the burden of adolescent obesity and identify risk factors which are amenable to intervention.
In the current paper we present sex-specific prevalence estimates of overweight, obesity and high WC in a nationally representative sample of Jamaican adolescents aged 15-19 years. We explore the associations of fastfood consumption and other aspects of dietary pattern with overweight/obesity and with high WC.
Subjects and methods

General study information
The Jamaica Youth Risk and Resiliency Behaviour Survey 2006 (33) enrolled a nationally representative sample of 15-19-year-old adolescents. The objective of the survey was to derive reliable estimates on adolescent health including markers of chronic non-communicable disease risk. Selected participants were visited at home in 2006 by trained interviewers who administered a questionnaire on dietary habits, physical activity, general health/well-being and lifestyle and completed anthropometric and blood pressure measurements. Quality control was assured by duplicate measurements on 10 % of all participants.
Sampling and sample size A sample of 1185 participants was required to estimate an assumed prevalence of obesity of about 4 %, allowing for a 2 % error at the 95 % confidence level. Based on an expected refusal rate of 10 %, the adjusted sample size was 1320. The 2003 national demographic statistics estimated that there were 250 352 adolescents in the age group 15-19 years, representing approximately 10 % of the Jamaican population (30) . Participants were enrolled via a multistage sampling design. Jamaican enumeration districts were used as primary sampling units (PSU). Fifteen participants were systematically selected from each of the eighty-eight randomly selected PSU. PSU consisted of up to three enumeration districts (ED) and in cases where the expected number of adolescents (10 % of district population) was lower than fifteen, an additional and or adjacent ED was used. The overall refusal rate was 0?2 % and 1317 subjects (598 males, 719 females) provided data for analysis.
Overweight and obesity
Body weight, without shoes and with light clothing, was recorded to the nearest 0?1 kg using a calibrated electronic platform scale (model 2204; Tanita, Kingston, Jamaica). Standing height was recorded to the nearest 0?1 cm using a Seca Leicester Portable Height Measure (model SE001; Proweight Ltd, Nottingham, UK). Subjects had to stand tall but relaxed with heels together but feet diverging slightly. To the extent possible, heels, buttocks, shoulders and back of the head were positioned against the vertical ruler. Subjects were asked to look straight ahead during the measurement. BMI was calculated as weight divided by the square of height (kg/m 2 ). Two different definitions of overweight and obesity were used for determination of sex-specific prevalence. The first definition used cut-off values for overweight and obesity that were based on internal Z-score lines connecting with the WHO 'adult' $25 kg/m 2 (overweight) and $30 kg/m 2 (obesity) cut-offs at age 18 years ( Fig. 1 ). This method works as follows. First, to obtain BMI Z-scores, the distribution of raw BMI values for each sex was modelled with the LMS method (34) using the LMS module of the Growth Analyser software package version 3?0 (Dutch Growth Foundation, Rotterdam, The Netherlands). The LMS method is a method of constructing reference centile curves developed by Cole and Green (34) . It summarizes changing distributions by three curves representing the median (M), coefficient of variation (S) and skewness (L) (Box-Cox power) using penalized likelihood. Given these distribution parameters Z-scores can be calculated for any observed (BMI) value. It is important to emphasize that this method of Z-score calculation does not use an external reference. The obtained BMI Z-scores are internal Z-scores, i.e. they indicate each BMI value's position within the distribution of sample values at the same age and sex. Second, for each sex we determined which Z-score corresponded to the adult 25 and 30 kg/m 2 cut-offs at age 18 years. These Z-score cut-offs were then applied to the BMI Z-scores of all children younger than 18 years to find cases of overweight and obesity among them. We applied this back-tracking method on the assumption that children's BMI during adolescence tends to track better along the reference lines (Z-score lines) of their own population than along an external reference (35) . Given the fact that there are population differences in maturation rate and body composition, this assumption may well be reasonable. Based on similar premises the use of internal references for scoring of BMI has been advocated before (35) . For participants aged 18 years and older the standard adult cut-offs were applied.
The second definition of overweight and obesity was based on the age/sex-specific BMI cut-off values proposed by the International Obesity Taskforce (36) . These international reference values were produced with the same back-tracking method as described above, the only difference being that a merged data set from different countries was used.
Waist circumference WC was measured to the nearest 0?1 cm with a plastic tape measure using a standardization protocol observing waist as the midpoint between the lowest rib and iliac crest. The 'adult' cut-offs for high WC circumference, applied from age 18 years, were $93 cm for males and $81 cm for females (37) . For subjects younger than 18 years, the same method was used as described above for overweight and obesity, i.e. internal Z-score cut-offs corresponding to the 18-year values were applied (Fig. 2) . Dietary pattern We used a standard questionnaire that was validated for use in similar populations of adolescents (38) . Questions were asked pertaining to the dietary consumption pattern during a usual week, i.e. a week without social events modifying usual intake. Two questions were asked about dietary consumption: one on the usual weekly consumption pattern and the other about the frequency with which the particular food or food groups were consumed. For example, for fast-food consumption: (i) 'During a usual week, do you eat food at fast-food places such as Burger King, Juicy Patties, Tastee, Pizza Hut, Kentucky Fried Chicken?' These places are the main fast-food chains operating in Jamaica. Response categories for this first question were 'yes', 'no' and 'don't know'; and (ii) 'During a usual week, how many times do you eat food at places such as Burger King, Juicy Patties, Tastee, Pizza Hut, Kentucky Fried Chicken?' Response categories were ',1', '1', '2', '3', '4', '5 or more' and 'don't know'. A similarly structured set of questions was asked about usual week consumption of fruits, vegetables, pastries (buns, cakes, cookies, tarts, croissant, doughnuts, etc.) and sweetened beverages (sodas, lemonade, Kool Aid, box drinks and other sweetened beverages). Sweetened beverages consumption was categorized into bottle or glass per time and there was no differentiation between the types of sweetened beverages or the quantity and nature of sweetener used. We categorized days of alcohol consumption in the past year as more than once per week or not. Main method of protein source preparation was categorized as frying, steaming or stewing and baking.
Other variables
We calculated exact age at interview based on reported birth date and date of interview. Gender assignment was based on observation. To detect previously undiagnosed diabetes, we used fasting blood glucose measured with a portable machine (Accutrend GCT; Roche Diagnostics GmbH, Mannheim, Germany). Diabetes was defined as blood glucose $5?6 mmol/l (39, 40) . Physical activity levels in the past week were assessed using the International Physical Activity Questionnaire short form (41) and classified as low, moderate or high. As a proxy for socio-economic status we used the proportion of household item possessions out of a predefined list of fifteen items.
Effect of dietary pattern on overweight and high waist circumference We used crude odds ratios and multiple logistic regression analysis to explore the association between dietary pattern and outcome variables. The internal Z-score cut-off method (see above) was used to define overweight and obesity. Children with obesity were excluded from the analyses of overweight. Levels of dietary variables significantly associated with overweight or high WC were simultaneously introduced in a multiple logistic regression model as dummy variables. In addition to including the dietary variables, the regression analysis also included the following covariates: age, gender, diabetes, socio-economic status and physical activity level. Conditional odds ratios and their 95 % confidence intervals were used to express the main effects of fast-food consumption. The statistical software packages STATA version 9?0 (Stata Corporation, College Station, TX, USA) and SPSS version 12?0 (SPSS Inc., Chicago, IL, USA) were used for all statistical calculations.
Ethical issues
Ethical approval was provided by the Ethics Committees of the Ministry of Health, Jamaica and of the University of the West Indies. Informed consent was obtained from each participant in the study (over age 17 years) or a parent or guardian. A confidentiality form was signed by each interviewer upon completion of training. Data were stored anonymously in an electronic database. Personal identifying information was kept in a separate restricted-access master file. Participants with serious untreated health problems were referred to the appropriate health services. Table 1 illustrates the mean BMI and WC by age and gender of Jamaican 15-19-year-old adolescents within the study. There were significant sex differences for mean BMI but not for WC. Figure 1 illustrates the age distribution of BMI by sex. Individual observed values are shown along with selected Z-score lines describing the distribution according to LMS model fitting. Median BMI increased with age and was higher in females than in males at all ages. The Spearman rank correlation between BMI and age was positive and significant (r 5 0?162, P , 0?001; sexes combined). Figure 2 illustrates the age distribution of WC by sex. In females there was a clear increase in WC with age. In males, the median increased with age but the 12 Z-score line did not. For older ages, variance increased in females but not in males. There was a small degree of positive skewness in the distribution of BMI and WC in the sample. The overall prevalence estimates of overweight, obesity and high WC were of the order of 15 %, 6 % and 10 %, respectively ( Table 2) . Regardless of the definition used, overweight prevalence was higher in females than in males but this did not reach statistical significance. Using internal Z-score cut-offs, the prevalence of obesity and high WC was significantly higher in females than in males as judged by the non-overlapping confidence intervals.
Results
Dietary consumption patterns of the 15-19-year-old Jamaican adolescents by sex are shown in Table 3 . Table 4 presents the odds ratios of overweight and high WC associated with various levels of fast-food consumption and other aspects of the diet compared with their respective reference level. The crude odds for overweight were increased significantly in subjects who consumed fast food . 3 *Based on a method that connects (for each sex) Z-score lines of the internal distribution to the adult cut-offs of $25 kg/m 2 for overweight, $30 kg/m 2 for obesity, $93 cm for WC in males and $81 cm for WC in females.
-International Obesity Taskforce cut-offs (36) . The x 2 test for trend also showed that there was an inverse association between increases in fruit consumption and high WC (results not shown).
No significant association was found between consumption of alcoholic drinks more than once weekly and overweight or high WC. When baking or frying was the main method of preparing protein in the household, the odds for overweight and high WC (baking only) were notably increased but this did not reach statistical significance.
Fast-food consumption at the different levels was not significantly associated with either overweight or high WC in the multiple logistic regression analysis (Table 5) . High consumption of sweetened beverages remained associated with overweight (P 5 0?018). Consuming more than one bottle of sweetened beverage daily increased the odds for overweight by 50 % (not shown; conditional OR 5 1?52, 95 % CI 1?07, 2?16). Pastry consumption had a significant negative association with both overweight and high WC (P 5 0?016 and P 5 0?028, respectively). Absence of fruit consumption remained significantly associated with high WC (P 5 0?043).
Discussion
The findings of the present study reveal that 15?2 % of Jamaican 15-19-year-old adolescents were overweight, 5?8 % were obese and 9?6 % had high WC. The prevalence of obesity and high WC was significantly higher in females than in males. Prevalence estimates of overweight and obesity were almost identical regardless of the definition used. There is a great level of comparability between our findings and other studies in adolescent health. For example, the prevalence of overweight is 17?4 % in North America (12-19 years) (42) , 20?0 % in Europe, 10?0 % in Africa (4) and 17?0 % in Mexico (10-17 years) (43) . Our findings are consistent with the trend of higher prevalence of overweight and obesity among females seen in other developing countries (1, 43, 44) , but contrast with an opposite trend in developed nations (4, 23, 45) . The prevalence of overweight and obesity among children and adolescents is increasing globally in both developed and developing countries (1, 4, (44) (45) (46) . The central tenet surrounding overweight and obesity is an imbalance where energy intake exceeds expenditure. Changes in dietary patterns in the past few decades, such as an increase in the consumption of energy-dense, high-fat and sugar-rich foods, and more sedentary lifestyles have been implicated in the pandemic of obesity (19, 20, 47) but the association between these dietary changes and the increase in obesity has not always been demonstrable in epidemiological studies (15) . Bivariate analysis showed that high consumption of fast foods (OR 5 1?84) and sweetened beverages (OR 5 1?52) was positively associated with overweight in both sexes. Only the association with high sweetened beverage consumption remained significant when confounders were adjusted for. It is possible that the association with high fast-food consumption became undetectable in multiple regression analysis due to a significant correlation (P , 0?01) between fast-food consumption and sweetened beverage consumption. One hypothesized mechanism explaining the contribution of sweetened beverages to the development of overweight is that liquid calories seem to be consumed over and above the usual diet. That is, persons do not take into account the liquid calories and continue to consume their usual total calories (21) . The result is the consumption of excess energy. Both in bivariate and multiple logistic regression analyses there was a counterintuitive negative association between the consumption of pastries and overweight and high WC. This finding is similar to those in a number of studies on adolescent health where pastry consumption was inversely associated to overweight/obesity (23, 48, 49) , and may be explained by the fact that overweight and obese adolescents are more likely to under-report unhealthy food choices. In addition, bias may have resulted from the fact that we obtained information only on the frequency of food consumption, not portion sizes. The latter may have been greater in the overweight and obese adolescents.
Our findings show that fruit consumption less than once per day or none at all was significantly positively associated with high WC particularly in females. Our results support the growing body of evidence implicating increased consumption of fast food and sweetened beverages in the increased prevalence of overweight and obesity (24, 49) and the possible protective effect of increased consumption of fruits and vegetables. Secondary analysis of data from the National Health and Nutrition Examination Survey 1999-2002 showed that 24?0 % of children were overweight or at risk for overweight and 10?7 % were clinically overweight. No significant association was found between overweight and increased fast-food and sweetened beverage consumption. However, there was a significant association with lower consumption of milk, fruits and vegetables and with higher total fat consumption (50) . Consumption of sweetened beverages (soft drinks, fruit flavoured drinks, tea and coffee), sweets (desserts, candy, etc.) and animal protein (beef, eggs, pork, poultry and seafood) was positively associated with overweight status (20) . Conversely, dietary patterns consistently containing whole grains, legumes, fruits and vegetables appeared distinctly advantageous in terms of mitigating increases in adiposity (24, 51) . Clearly, as diet quality diminishes with increased consumption of energy-dense foods and beverages, healthful foods are being omitted, resulting in heightened prevalence of overweight and high WC among adolescents.
A large proportion of 15-19-year-old Jamaican adolescents are at increased health risk owing to overweight (15?2 %), obesity (5?8 %) and high WC (9?6 %). These data also indicate that dietary patterns limited in or devoid of fruits and vegetables, and with increased consumption of fast foods and sweetened beverages, are associated with overweight and obesity. Our results provide sufficient information to advocate an increase in consumption of fruits and vegetables and a decrease in consumption of fast food and sweetened beverages. The question, however, of just how these dietary patterns are implicated in the high prevalence of overweight and obesity seen in adolescents remains unclear and requires in-depth clinical trials and intervention studies as part of efforts to ameliorate the attendant risk and sequelae associated with overweight and obesity. The inconsistency of associations could be due to chance or bias resulting from misclassification, which is a common problem in nutritional epidemiology. Estimates of dietary intake in the present study were not measured quantitatively but are sufficient to classify dietary patterns of the participants. The significant trends demonstrated cannot be ignored as they may provide a substantial basis for intervention studies.
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